I. Introduction
A system of grid squares is a widely used tool for collecting and presenting areal information and analyzing spatial patterns and processes (e.g. ABE, 1976; GATRELL, 1977; KUBO, 1979) . Grid-based information, however, may involve certain degrees of uncertainty, owing to the generalization of the variables within each unit cell of the grid. The present author previously formulated the problem of the shifted grid as a modifiable unit problem (HIMIYAMA, 1981) , and established the degrees of uncertainty in the numbers of 'yes-cells' and their joins in the binary grid map. Although modifiable unit problems related to the size or shape of the spatial unit have been discussed in statistical terms by many authors (HARVEY, 1966 (HARVEY, , 1969 SILK, 1979, pp. 61-62, etc.) , those related to the positioning of the spatial unit have received relatively little attention regard less of the fact that a first reference was made as early as in 1930 by TERADA. COLEMAN, in her quantitative analysis of land use, shed light on the latter problems and mentioned them briefly in 'Patterns on the map' (COLEMAN and CATLING, 1982, pp. 23-24) . The present paper aims to elaborate the problems further by estimating the degrees of uncertainty in a third attribute of the binary grid map, i.e. the distribution pattern of 'yes-cells'. A simplified statistical model is used in order to illustrate the problem. distribution of yes-subcells. Under this as sumption, p is considered to be equal to the density of yes-subcells within the system. A random distribution of yes-subcells is obtained if the observed land-use feature on the original map forms very small plots, or patches, in comparison to the size of a subcell, and if they are distributed at random. A truly random distribution is hence difficult to obtain in actual cases, but the basic ideas about the uncertainty of grid patterns can be grasped within this context. Since it is not easy to obtain a general formula for P(m, n, p), simpler cases are con sidered first, and then more general and complex cases.
III. An isolated yes-cell and a column of yes-cells P(1,1, p) is the probability of an isolated yes cell observed in a grid system keeping its shape after a half-unit displacement of the original grid in the horizontal direction when the density of yes-subcells is p. As shown in Figure 2 , there are three possible arrangements of yes-subcells within a yes-cell. If an isolated yes-cell is observed in a grid system, it has to be one of these three cases, and if 5 is known, it is possible to calculate the probability of each occurrence. For the simplicity of calculations, it is useful to know the probabilities of a unit cell having no yes-subcell, p0, one yes-subcell, p1, and two yes-subcells, p2. These are calculated below:
p2=2C2p2=p2 (3) where p0+p1+p2=1 Figure 2 shows that in order to have an isolated yes-cell, there has to be one yes-cell (shaded), and the eight unit cells surrounding it (marked by Q) have all to be 'no'. The probability for this is
(4) An isolated yes-cell remains to be so in cases (a) and (b), but not in case (c), where it is changed to a row of yes-cells. The probabi lity of the occurrence of case (a) is the same as that of case (b), and it is (1/2P1) (p0)8(1-p)3=p(1-p)20 (5) where 1/2P1 is the probability of the yes-cell having one yes-subcell on the left, (p0)8 is the probability of having eight no-cells around the yes-cell, and (1-p)3 is the probability of three subcells on the left (with a circle) being 'no'. There are nine different cases, and cases (a) and (b) keep the same pattern .
The last component, (1-p)3, is needed, because otherwise a row of yes-cells is formed when the grid is displaced. The probability of having case (a) when there is an isolated yes-cell is obtained by dividing (5) by (4). Since case (b) also keeps the original shape with the same probability as (a), P (l, 1, p) becomes as follows:
P(2, 1, p), which corresponds to the case of a column of two yes-cells, is calculated similarly. As shown in Figure 3 , there are nine possible arrangements of yes-subcells in a column of two yes-cells. If a column of two yes-cells is observed in a grid system, it has to be one of these nine cases. Among them, cases (a) and (b) keep the original shape of the column in the displaced grid.
In order to have a column of yes-cells, it is easily seen in the figure that there have to be two yes-cells for the column itself, and ten no-cells to isolate the column from other yes cells. The probability for this is (p1+p2)2(p0)10-p2(2-p)2(1-p)20 (7) The probability of the occurrence of case (a), i.e. having two yes-subcells on the left in the column is
where (1/2p1)2 is the probability of the two 2 yes-cells of the column having one yes-subcell each on the left, (p0)10 is the probability of having ten no-cells around the column, and (1-p)4 is the probability of four subcells on the left (with a circle) being 'no'. The pro bability of having case (a) when there is a column of two yes-cells is obtained by divid ing (8) by (7). Since case (b) also keeps the shape with the same probability as (a), P(2, 1, p) is 
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hence (10) where 2m+6 gives the number of no-cells surrounding the column, and m+2 gives the number of no-subcells corresponding to those with a circle in (a) in Figure 3 .
IV. A row of yes-cells Figure 4 shows nine different arrangements of yes-subcells in a row of two yes-cells. Among them, cases (a), (b), (e) and (h) keep the same pattern. The probability of occurrence for a row of two yes-cells is the same as that for a column of two yes-cells, i.e, given by formula (7). The probability of occurrence is the same for cases (a) and (b), and it is
The probability of occurrence is the same for cases (e) and (h), and it is
(1/2p1)(p2) (p0)10(1-p)3=p3(1-p)24 (12) Here (p0)10(1-p)3 is the probability of the ten unit cells surrounding the row and the three subcells on the left (with a circle in Figure 4 ) being 'no', (1/2 pi) 2 is the probability of having two yes-cells which have one yes-subcell each, and (1/2 p1) (p2) is the probability of having two yes-cells which have one and two yes sub cells, respectively. From (7), (11) and (12), P(1, 2, p) is calculated as follows.
As discussed in the case of P(2, 1, p), there may be some effect of size and shape on actual maps. P(1, 2, p) obtained above may give somewhat higher values than reality, since case (c) is more likely to occur than case (a) or (b). Figure 5 shows how a contiguous row of yes cells in one grid system can be divided when grid is displaced half a unit. The original information given as a row of yes and no subcells results in a contiguous row of yes cells in one grid, say grid-A, but results in broken rows in grid-B, the grid half a unit displaced from grid-A. Symbols X, Y and There is an uninterrupted chain of yes-cellsin grid A, whereas in grid B the chain is broken into pieces.
Z are introduced to denote three different types of yes-cells. X-type unit cell has one yes subcell on the left, Y-type unit cell has two yes-subcells, and Z-type unit cell has one yes subcell on the right. It is easy to see why no cells, which are shown by-, are encountered in grid-B.
In order for a row of n yes-cells in one grid system to keep its shape in the grid displaced half a unit from the original grid, the following conditions have to be satisfied:
i) The first unit-cell from the left in the original grid is either X or Y, but not Z. If it is Z, it does not make the first yes cell in the displaced grid. ii) The last unit-cell from the left in the original grid has to be X, and not Y or Z. If it is Y or Z, it creates an addi tional yes-cell to the right of the row. iii) Z does not come next to X. If it does, the row of yes-cells is interrupted by a no-cell when the grid is displaced. Here, the row is assumed to be displaced to the left, but the shift to the right is equally proba ble.
It is not a simple matter to calculate the probability for a row of yes-cells to satisfy these three conditions, and no general formula has yet been found. However, it has been calcu lated for n=3, 4, and 5: n=3:
As shown in Figure 6 , there are five acceptable combinations of three yes-cells, i.e. XXX, XYX, YXX, YYX, and YZX. Since the probability of the occurrence of X and Z are both 1/2 p1, and the probability for Y is p2, the probability of having one of these five (1/2p1)3+(1/2p1)2p2+(1/2p1)2p2+(1/2p1)(p2)2 +(1/2p1)2p2=p3(1-p)(1+p-p2) (14) On the other hand, the probability of having three yes-cells is (p1+p2) 3=p3 (2-p)3 (15) From (14) and (15), the probability of having an accepted combination of yes-cells when there are three yes-cells is (16) As in the case of a row of two yes-cells, the twelve unit-cells surrounding the row and the three subcells on the left have to be 'no'. Considering this and also the two possible directions of displacement, P(l, 3, p) is calcu lated as follows: (17) n=4: Figure 6 shows thirteen acceptable com binations of four yes-cells, i.e. xxxx, XXYX, XYXX, XYYX, XYZX, YXXX, YXYX, YYXX, YYYX, YYZX, YZXX, YZYX, and YZZX. The probability of having one of these combinations is
The probability of having four yes-cells is (p1+p2)4=p4 (2-p)4 (19) From (18) and (19), the probability of having an accepted combination of yes-cells when there are four yes-cells is (20) Remembering that the number of no-cells sur rounding the row is now fourteen, and that there are again two possible directions of dis placement, P(1, 4, p) is calculated as follows: (21) n=5: There are 34 acceptable combinations, as shown in Figure 6 . The probability of hav ing one of these combinations is calculated similarly:
The probability of having five yes-cells is (p1+p2)5=p5(2-p)5 (23) From (22) and (23), the probability of having an acceptable combination of yes-cells when there are five yes-cells is 
Formulae (6), (13), (17), (21) and (24) are summarized as follows: No general formula for P(l, n, p) as a function of both n and p has yet been presented. For a general value of p, the calculation of P(l, n, p) as a function of n has been found to be extre mely difficult. Therefore, a limited approach is taken here in order to find out its behavior as a function of n. Case p=1/2 is considered, since it gives X, Y and Z the equal probability of occurrence.
By inserting p=1/2 into fort mulae (1), (2) and (3), we have po=1/2 P1= 2 P2=l/4. In this case, all combinations of n yes-cells have the same probability, (1/4)n.
Therefore, if the number of acceptable com binations is known, P (1, n, 1/2) is easily calcu lated.
In order to find out the number of acceptable combinations, Figure 6 is re-drawn in Figure 7 in a different way. The new figure shows all the possible linkages of yes-cells up to the 4th cell. The branching can be continued simi larly for a longer row of yes-cells. The figure  clearly shows the way to calculate the number of different combinations. For a row of n yes cells, the branching of up to the (n-1) th cell is considered, since the last cell has to be X, as discovered previously. If the i-th cell is X, the (i+1)th cell is either X or Y, and if the i-th cell is Y or Z, the (1+1) th cell can be X Xi=Xi-1+Yi-1+Zi-1
and the number of acceptable combinations for a row of n yes-cells Nn is Nn=Xn-1+Yn-1+Zn -1 (29) On the other hand, the number of all possible combinations of n yes-cells is 3n for p=1/
2
. Therefore, (1-p)fn/(2-p)n in formula (26) is replaced by Nn Jan. P (1, n, 1/2) is thus presented 2 as a function of n as follows:
Since the first cell of the row is either X or Y, and there is not a yes-cell on the left, we have X1=1, Y1=1 and Z1=0 as the initial condition. We can therefore calculate Xn-1, Yn-1, Zn-1, Nn and eventually formula (30). The result is tabulated in Table 1 for n=2,...,12.
VI. A general formula and validity of the method A general formula for P(m, n, p) can be derived from formulae (10) and (26). Since there are (m+2) no-subcells on the left of the box (see Figure 1) , (1-p) 3 in formula (26) has to be replaced by (1-5) m+2. Furthermore, there are m rows of yes-cells in the box, each of which having the probability of occurrence (1-p)fn/(2-p)n simultaneously (see formulae (16) (20), (24) and (26)), hence =500) to the denominator and numerator of the corresponding P(m, n, p), respectively. The agreement between the two is good. This is an indirect test in the sense that the denominator and numerator of P(m, n, p) are tested instead of P(m, n, p) itself, but it nevertheless shows the relevance of the present approach.
VII. Conclusion
The uncertainty of patterns in the shifted grids has been estimated and tested for some simple cases. It has been found that an isolated yes-cell (m=1, n=1) has small uncertainty for a low density of yes-subcells, e.g. P(1, 1, 0.01)=0.965, but it increases rapidly as the colony becomes larger or yes-subcells have higher density, e.g. P(2, 2, 0.02)=0.115. It therefore appears that the use of a grid map is undesirable if the map pattern is to be ob-
